The efficacy of the McCoy laryngoscope, external laryngeal pressure, and their combination to improve the laryngoscopic view was evaluated in 219 patients and compared with the Macintosh laryngoscope. An experienced laryngoscopist performed laryngoscopy twice using the Macintosh laryngoscope and the McCoy laryngoscope in a random sequence, and external laryngeal pressure was applied in each laryngoscopy with the laryngoscopist's right hand. The laryngoscopic view obtained was graded on our modified Cormack's method. Without external laryngeal pressure, the McCoy laryngoscope provided a better laryngoscopic view than that obtained by the Macintosh laryngoscope (P<0.001, signed rank test) , but the view was worse than that with the Macintosh laryngoscope under external laryngeal pressure (P<0.001). The McCoy laryngoscope combined with external laryngeal pressure provided a better view than the Macintosh laryngoscope with external laryngeal pressure (P<0.001).
Use of the McCoy laryngoscope and external laryngeal pressure described by Knill are both established ways to improve the laryngoscopic view [1] [2] [3] [4] [5] . However, their efficacy has not been evaluated separately except in one study 5 , and their combined use has not been examined. The aim of this study was to compare the efficacy of the McCoy laryngoscope, external laryngeal pressure, and their combined use to improve the laryngoscopic view.
PATIENTS AND METHODS
After institutional review board approval, 219 patients scheduled for various forms of surgery consented to participate in this study. All patients were without neck or head deformity and had a complete set of incisors. Anaesthesia was induced with fentanyl, diazepam, and a sleep dose of thiopentone or propofol. After a sufficient time from the administration of vecuronium (1.5 mg.kg -1 ), the patient's head was placed in the standardized intubating position and an experienced anaesthesiologist performed laryngoscopy twice using a Macintosh laryngoscope (Welch-Allyn Inc., size 3), and a McCoy laryngoscope (Penlon Inc., size 3) in a random sequence. The best laryngoscopic views obtained were recorded six times; Macintosh laryngoscope with and without external laryngeal pressure, McCoy laryngoscope in the neutral position with and without external laryngeal pressure, and the McCoy laryngoscope with the tip in the elevated position with and without external laryngeal pressure. External laryngeal pressure was applied by the laryngoscopist's right hand as described by Benumof 6 . The obtained laryngoscopic view was graded on a 5-grade scale according to our modification of Cormack's method 7 ; Grade 1 (full view of the glottis), Grade 1.5 (more than half of the glottis exposed), Grade 2 (less than half of the glottis exposed), Grade 3 (only the epiglottis seen), and Grade 4 (epiglottis not seen). The distribution of the laryngoscopic view and the summed ratio of Grade 3 and Grade 4 were analyzed by the signed rank test for categorical data and Fisher's exact test, respectively. A value of P<0.05 was considered significant.
RESULTS
There was no significant difference in the distribution of the laryngoscopic view between the McCoy laryngoscope with the tip in the neutral position and the Macintosh laryngoscope, with external laryngeal pressure or without external laryngeal pressure. Without external laryngeal pressure, the McCoy laryngoscope with the tip in the elevated position provided a better distribution of the laryngoscopic view and the lower summed ratio of Grade 3 and Grade 4 than obtained using the Macintosh laryngoscope ( Table 1 , P<0.001). The addition of external laryngeal pressure to the Macintosh laryngoscope made the distribution of the laryngoscopic view better than that obtained by the McCoy laryngoscope with the tip in the elevated position without external laryngeal pressure ( Table 2 , P<0.001), but did not decrease the summed ratio of Grade 3 and Grade 4. Finally, combined use of the McCoy laryngoscope with the tip in the elevated position and external laryngeal pressure provided a further improved distribution of the laryngoscopic views ( Table 3 , P<0.001). The ratio of Grade 3 tended to decrease, but not significantly, as did the summed ratio of Grade 3 and Grade 4.
The elevation of the tip of the McCoy laryngoscope did not change the laryngoscopic view in 13 patients, and worsened it in two patients with Grade 1 and 1.5 laryngoscopic views. Addition of external laryngeal pressure improved these unchanged or worsened views to the level of that obtained by the Macintosh laryngoscope with external laryngeal pressure.
DISCUSSION
A few aspects of our study should be described. First, we avoided the learning effect in laryngoscopy in each patient by the randomization of the sequence of the use of the two types of laryngoscope, but we could not use the laryngoscopes without knowing their types. This is an inevitable limitation of this kind of study, as previously stated 2 . Second is that the ratios of Grade 1 in our study were considerably lower than other reports except for the combined use of the McCoy laryngoscope with the tip in the elevated position and external laryngeal pressure 1,2,4,5,7 . However, the summed ratios of Grade 1, 1.5, and 2 were equivalent to the previously reported summed ratios of Grade 1 and 2, and the lower ratio of Grade 1 in our study may be because of full natural dentition in patients we studied.
The elevation of the blade of the McCoy laryngoscope improved the laryngoscopic view significantly but worsened the view in two patients with Grade 1 and 1. glottis is widely seen, and is considered to be due to the elevation of the glottis together with the epiglottis 1, 2, 5, 8, 9 . It is also conceivable that the activation of the tip of the McCoy laryngoscope pushed the blade downward into the line of vision 10 . It was suggested that release of the elevation of the tip is sufficient when the view is worsened 1, 9 . In addition, external laryngeal pressure may cancel this worsening as shown in our study. External laryngeal pressure has been reported to improve markedly poor laryngoscopic views [4] [5] . Among the relevant reports, only one study mentioned worsening of the view in patients with Grade 1 views 5 . External laryngeal pressure should be applied adequately to improve the laryngoscopic view and not to push an already visualized glottis out of vision. Benumof recommended determination of the appropriate area on the neck and the amount of pressure empirically with the laryngoscopist's free right hand 6 .
External laryngeal pressure improved the laryngoscopic view more effectively than the McCoy laryngoscope, as previously reported 5 , and their combined use provided the best laryngoscopic view. External laryngeal pressure and the McCoy laryngoscope improve the laryngoscopic view in different ways: the former shifts the larynx posterior and superior 3 , and moves the glottis into the laryngoscopic line of vision 4 , while the latter exposes the larynx further by elevating the epiglottis 11 . Thus, external laryngeal pressure is effective in almost all patients, while the McCoy laryngoscope is effective provided that the hanging epiglottis covers the glottis. Their effects are usually additive, as shown in our study.
Both the McCoy laryngoscope and external laryngeal pressure decreased the summed ratio of Grade 3 and Grade 4 equally and markedly, but their combined use did not decrease it further. Chisholm et al studied patients with limited neck extension due to various diseases and found that even the combined use of external laryngeal pressure and the McCoy laryngoscope worsened the laryngoscopic view in five of 39 patients with a Grade 3 laryngoscopic view 9 .
They considered that this poor efficacy of the McCoy laryngoscope was caused by the diseases of the patients, such as cervical spine disease and acromegaly. The efficacy of the external laryngeal pressure might be limited by abnormalities in the anatomical and functional nature of the larynx and its surrounding tissues. In a patient with poor laryngoscopic view even by the McCoy laryngoscope or external laryngeal pressure, their effects may not necessarily be additive.
In conclusion, the McCoy laryngoscope provided wider laryngoscopic views than the Macintosh laryngoscope, but its efficacy was inferior to that of external laryngeal pressure.
When faced with difficult intubation, the combined use of the McCoy laryngoscope and external laryngeal pressure is worth attempting, although it may not always be effective.
